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PRE-REQUISITES

o Model-Interactor Separation
o Interaction Types
o Model Types




FROM 1-USER TO COLLABORATIVE

Collaborative
Application
Collaboration (GoogleDocs)
Functions




KCHOER TO IM

Please enter an input line or quit or history

The woods are lovely dark and deep

The woods are lovely dark and deep

Please enter an input line or quit or history

But I have promises to keep

And miles to go before I sleep

history

hhe woods are lovely dark and deep, But I have promises to keep, And miles to go before I sleep

Please enter an input line or quit or history

Please enter an input line or quit or history

The woods are lovely dark and deep

[Alice]The woods are lowvely dark and deep

Please enter an input line or quit or history

[Bob]But I have promises to keep

[Cathy]and miles to go before I sleep

history

[Alice]The woods are lovely dark and deep, [Bob]But I have promises to keep, [Cathy]And miles to go before I sleep

Please enter an input line or quit or history




DISTRIBUTED DEMOERS

public class ALauncherOfIM extends AConsoleModelBasedLauncher

implements LauncherOfIM { e R o R || =1 |
public Class[] mainClasses() {

return new Class[] {
sessionManagerClass(),
aliceClass(),
bobClass(),
cathyClass()

Common AMainClassListLauncher

SessionManagerServerstarter
Alicell

BoblM

CathylM

oL b=

s

Can do executeAll or double click on each class in sequence

Can simply run each class from programming environment




ANATOMY /ARCHITECTURE

Interactor/Editor/
View




DISTRIBUTED PROCESSING

!

4



VIEWING PROCESSES

A process 1s created by the
Operating System each
time a program (in Java a

F

‘& Windows Task Manager

File Options Miew Help

Applications | Processes | Services | Performance | Me main method) is run
|
Image Mame User Mame CPU Memc;ry (... Same program may be
Rtvscanexe  SYSTEM 16 g2,23:k| executed multiple times
suchost.exe  SYSTEM 01 82,136K to create multiple
svchost.exe SYSTEM 00 59,196 K proces
explorer.exe dewan 00 35,024 K  Windows ...
javaw,.exe dewan a0 30,228 K Java(TM) ...
dwm, exe dewan 00 27,104 K Desktop ...
sidebar.exe dewan 00 26,052 K Windows ...
Jjavawexe  dewan 00 25876K Java(TM)...
SynclToy.exe dewan an 14,096 K SyncToy
savll.exe dewan Qo0 13,012 K Symantec...
sidebar.exe dewan 00 8,932 K Windows ...




PROCESS VS OBJECT VS DISTRIBUTED
ARCHITECTURE

Process architecture
describes the

processes that
1mplement some
potentially
distributed
application and the
communication
among these
processes

Computer, Computer,

P </ \\\\‘
|| Process,

Process,

\ /

y 7/ \‘\‘
|| Process,

Distributed
architecture maps

processes to
computers

Object architecture describes the
objects and the communication
among objects In a process

In our demos and
testing we will map

them all to one
machine @




SINGLE-USER=> COLLABORATIVE ARCHITECTURE

Interactor/Editor/
View
—




ARBITRARY ARCHITECTURE?

_-

4




ABSTRACTION LAYERS IN COLLABORATION
TOOLKIT?




ABSTRACTION LAYERS IN COLLABORATION
TOOLKIT?

Interprocess Communication
(Sockets, RMI, ..)

Inter-process com
processes on different
with ea

General form: send (host, port, message)




PROCESS VS OBJECT VS DISTRIBUTED
ARCHITECTURE (REVIEW)

Process architecture
describes the

processes that
Computer, Computer, 1mp1emer}t some
potentially
7 5 distributed
] y lication and the
] Process; application and
\ communication
P among these
/ HOCEDS3 processes
& 7 \‘\‘
|| Process, Distributed
architecture maps

processes to
computers

Object architecture describes the
objects and the communication
among objects In a process

In our demos and
testing we will map

them all to one >
machine < &




ARCHITECTURE VS. DISTRIBUTED ABSTRACTIONS

Interprocess Communication
(Sockets, RMI, ..)

Inter-process com
processes on different
with ea

General form: send (host, port, message)




BUILDING IM USING IPC

send(h!, p!, msg) send(h3, p3, msg)

msg msg

How did H? know about H! a

Static (hardwired) dynamic “se

msg




DYN AMI C S E S S I( ;'.'n maon Al.lail;{llassListLau ncher

1: SessionManagerSenversStarter
2: AlicalM

3. BoblM

send(h', p', {h?, 102 })

send(h?, p?, {h1 p')

send(h?, p!, {u3, p

=
ol

_—{ send(h?, p?, {h3 p°}) || send(h? p? {h', p'}, {h* p)

- =
O ©

send(hSM, pSM h! p

send(h®M, pM, h2, p send(hSM, pSM, h3,

p?)

(e



@‘—‘

IM

DyNAMIC P2P

IM
| Session

aa»

send(h!, pl, mst(h?’ p3, msg)

msg ! ?

IM)

msg




DYNAMIC SESSIONS (RELAYED)

[ Why IM
indirection? Session
| anage

send(hSM, pSM msg)

i
M D o ) & IM)

Many reasons for using relay
(consistency, security, perform

[ Higher-level abstraction tha-




ABSTRACTION LAYERS IN COLLABORATION
TOOLKIT?

| Group Communication
(Multicast)
Interprocess Communication
(Sockets, RMI, ..)




APP-SPECIFIC SESSION MANAGER

send(h’, p*, {h* p?}) send(h® p? th', p'H)_

send(h', p, th® p®}) | _ send(h?, p?, {h3 p°}) || send(h? p? {h', p'}, {h* p)

= o> o=
O O C

send(h®™, p™, h', p send(hSM, pSM, h2, p send(hSM, pSM, h?, p3)

Le



APP-SPECIFIC SESSION MANAGER (NO

CALLBACKS)

send(hSM, pSM h! p

IM

Sessmn

send(h®M, p

SM h2

send(hSM, pSM hH3

p?)

Le



GENERIC SESSION MANAGER (ONE PER
COLLABORATIVE “SESSION”)

Generic
Session

send(h®™, p™, h', p send(hSM, pSM, h2, p send(hSM, pSM, h?, p3)

I Should clients have to know about ports or sen- E




GENERIC SESSION MANAGER (CLIENT LIBRARY,
ONE PER COLLABORATIVE SESSION )

: As before session manage
Library will have to be tol Gengrlc can send host and port
about session manager host |§ SRS ,, number to applicatiom
for this app|icati0n
send(h?, p?, {h!, p!}, {h?, p?)

Group Local library at [ €i&eitis
Comm. each site

| join(hSM) join(hSM) join(hSM)

IPC send replaced by Library could fill in port a la Web browser and q
group comm. join | also register own port and send its host S




DyYNAMIC P2P, NO MULTICAST

Better
communicati
support?
Send(h1 pl, msg) send(h3, p3, msg)
M D

msg

Generic

Session
anage

6



DyYNAMIC P2P APPLICATION-LEVEL MULTICAST

Application-level multicast: Generic
Multiple messages delivered to Session
network layer

toOthers(msg)

Single message delivered to
network layer which can result
in a single message being put
on the wire for multiple
destinations

l msg

55

Application code does not have to define
a session participant callback and
maintain information about participants

Application code can be unaware of
specific users -
NE




DYNAMIC SESSIONS (RELAYED)

Generic
Session

toOthers(msg)

(I‘) -

msg




FLEXIBLE GROUP COMMUNICATION

i

Same logical call ma
in both relayed and p

Generic

Session
case

toOthers(msg)

&

msg msg

|
()

Library can support b
forms of communicati

f It can choose based o
security and performanc

characteristics (but not
consistency)

It can let application
choose




SPECIFYING ROUTE AT JOIN TIME: P2P

Generic

Session
anage

<& < <

toOthers(msg)
o D

msg msg msg

IM

join(hSM, Direct)

_ Each site choose 2
Sent DSl independently Q:;ﬁ




SPECIFYING ROUTE AT JOIN TIME: RELAYED

) 4

Generic
Session
anage

Comm. 4

toOthers(msg)

Cm» ™D

join(hSM, Relayed)

[ Relayed communica-

Cwo

msg




ADDITIONAL MULTICAST GROUPS?

All session members Ceneric
than the caller Session

anage

toOthers(msg)

msg msg msg




TOALL

| session .
Generic
th :
Session

anage

Group
Comm.

| toAll! msg) I

b




MUD (MULTI-USER DUNGEONS): OTHER GROUPS

|"

O say your utterance here

toOthers(msg)

Everyone in the room can 'hear' what you 'say’,

or see what you type.

o whisper playername = your whisper here
... so only the player(s) named, and in the room,

can hear your whisper.
o mutter player = message

toClient(user, msg)

Mutters message to everyone in the same room

EXCEPT player.

toClients({ul, .., u™}, msg)

join(h®M, u2- Relayed)

Logical user id (credentials) rather than
physical host given as argument

User-aware application
code but not host and
port aware

Curtis, P. (1992), Muddings: Social Phenomena in Text-Based Virtual Reality. 1992: Xerox Palo Alto Research Center.

NE




SINGLE SESSION PER SESSION MANAGER

. _ Generic
Multiple sessio Session

anage

Comn. g

toOthers(msg)
T o

msg

join(hSM, u2, Relayed)




SINGLE SESSION PER SESSION MANAGER

Generic Generic

Session Session
anage anage




MULTIPLE SESSIONS PER SESSION MANAGER

Session members of one IM
should not know or be notified
about members of other IMs

join(hSM, s2 12, Relayed)

In relayed, messages not relayed
to members of other session

Join now requires access control,
a user may be allowed a subset of

Generic
Session

anage

i

Fewer servers

Shared session
directory

sessions > =
/ 1\ Less setup
overhead

-

-

join(hSM sl u2, Relayed)

e

N

7



ASYMMETRIC VS. SYMMETRIC JOINS

_ join(hSM, s2 12, Relayed)

Generic
Session

1'

join(hSM, s! u2, Relayed)




View Refactor Project Buld Debug Data Tools Test Window Cor

H @ % B3 % Qcolabvs | 5 @FndinFiles & Find Symbol

MULTIPLE SESSIONS?

AShapeWithBounds.cs .~ Aline.cs| Ashap
\ﬁgmapes.m

Husing System;
using System.Collect
using System.Text;
“using System.Drawing

[Flnamespace Shapes
{
= public class ALi
{
int X2, ¥2;
public ALine
= : base (X
{
this.X2
this.y¥2

[E) FileName:  AShapeWithBounds.cs
() ClassMame: <No Class specified>
¢ Method Name: Shapes.AShapeWithi

My Code

public AShapeWithBounds(int inftX, int ini
: base{initX, initY)

&% CollabVs Inbox [ Output

You can set the context for the code share session by dicing on one of the radio buttons. The defauit is the code from the remote party.



MULTIPLE SESSIONS?

_ Code Session- _bew DrawShape | ColabVs rbox | Dependency.b 5 ADrawngParser.cs | Ane.cs | T x
Code Session

(2] File Mame:  AShapelistGraphicsView.cs
1) CassMame: <No Class specified>

" @ Method Name :  Views AShapelistGraphicsView. DrawShape
| bob: Hello Alice, S
y bOb: are.you .v':doanhaoe(AsrwonutShm PaintEventArgs e, Pen vodmvﬁhaole-:f:ic nextShape, PantEventArgs e, Pen | =}
{bob: Had & quick question on AShape( Co DA | D : LS
|alice: Sure. tel me !(ncnShapo sA;o;t) ﬁ ansha;f(o Graphics, pen);
graphics.DrawElipse(pen, nextShape.X, nextShap f(ssahcted(nutshapc))

publ1c aShapeW1th80unds(1nt 1n1tx int inity, int 1n1tv1dth int 1n1tHelght)
: base(initX, inity)

{
width = ipitWidth;
height = initHeight;

} - List of other files edited
o [ ¥ (sSelected(nextshape)) by user2
DrawHandies{nextShape, graphics, pen); -
(K| | I [« | »|
Other files edited -
Show Df... I © Refresh | 0.‘.:: I l-hm.’ -Jl

Are text chat, code share and audio vi
separate sessions?

- They are different application sub sessions in same session, no access control re
' join applications once user is in session, and each user knows about users o
application




SESSION WITH APPLICATION SUB-SESSIONS

Users in session can interact
with any application in
session — access control done
when user joins session

Session
Alice IM Bob Editor Cathy
Alice Bob Cathy Bob Cathy

User notified of all
applications added to session
and all users interacting with

the application

Need to keep users of applications separate so that
multicast calls can distribute messages correctly, so
users in application sub-sessions

7



MULTIPLE APPLICATIONS PER SESSIONS

join(hSM, s u2 , Editor, Relayed)

m. .
m

If applicatic
Sess Generic
Session
anage

»

.

join(hSM, st u2, IM, Relayed)

f applicatia
applicat




FLAT SESSIONS (REVIEW)

Session

join(hSM sl Cathy, Relayed)




MOTIVATING SUB-SESSIONS

Shapes - Microsoft Visual Studio
e Edt View Refactor Project Buld Debug Data Toos Test Wndow Cor I.PF

(™= - B e &) CollabVs | 34 @FindinFiles & Find Symbol

ahﬂm)

Mg Shapes. ALine

O status: Viewing 7 Fusing System;
( c!m.-‘!m-‘“-"e using System.Collect
[2) File: Aline.cs : Syst. Text:
- Method: ALine ey -
24 Code Share fii— al [Enamespace Shapes -
] Audio Video [ | {

[ = public class ALi

public ALine
{} Class: Shapes. AShapeWithBounds &) : base (X
4 Method: AShapeWithBounds

28 TextChat & a this.X2

. n
-4 Code Share - a9 this.y2 - -
[ Audio video 85— ol

& alice( online ) { - -
File: AShapeWithBounds.cs int X2, Y2;
[@- status: Editing

& - )
Ineedto: r }
[ start a Audic Video session e =} "
22 Start a Text Chat session - I
| =6 Starta Code Share sesson &)
Concurrent Accesses:

(S Method: Shapes. ALine.ALine ¥y
= ) FileName: AShapeWithBounds.cs

[+ =
LI e lext Chat [~
ot et - Method Name: Shapes.AShapeWithi

£ Conflict Settings... My Code

.| Show Confiict Inbox... public AShapeWithBounds(int initX, int ini
_— J : base(initX, initY})
g (x]

Text Chat: bob,alics

width = initWidth;

.
bob: Hi Alice height = initHeight; S
bob: Looks like you changed inta =10; .

AshapeWithBounds ?

alice: Yes, I moved width before Heightin

the ctor ¥
bob: OK, let me talk to you to see what
need to do inmy dervied dass <l i
Y | sponvn_|[ @neren ||

[ e @ Conflict Inbox | X setwatch 1

‘AshapeWithBounds. cs
{) <No Class spedfied>

Conflict

e User

=g Shapes.AShapeWithBounds. AShapeWithE Method bob g
& shonCoe... (Olmethod _bob |
& Diff

&) Code Browser...

( Audio video Conversaton

e L
H -3

\ | Callabvs Inbox | =] cutput

Selected Conflict Details

= Similar sub-sessions supported by Google
wwes o Hangout, LiveMeeting, WebEX, ....

You can set the context for the code share session by diding on one of the radio buttons. The defaultis




SESSION WITH APPLICATION SUB-SESSIONS

join(hSM, st Cathy, IM, Relayed)

join(hSM sl Cathy, Editor, Relayed)
Session — :
join(hSM s! David, null, Relayed)
Alice IM Bob Editor || Cathy David
Join session without joining
any subsession?
Alice Bob Cathy Bob Cathy

- session callbacks, which can inform its user of session activity and join

David’s process cannot send or receive messages and simply listens to

application sub-sessions




SESSION JOIN SEMANTICS

join(hSM, s u2 , Editor, Relayed)

Generic
Session
anage

i
-

join(hSM, st u2, IM, Relayed)




SYNCHRONIZATION

Generic

joined (s, u?, IM, , Session
newSession?, newApp?) anage received (U2 msg)

Comm. 4
! toOthers(msg)

T W e

msg

join(h®M, st u2, IM, Relayed)

_ . When do these calls/callbacks re 2
Semantics specified s
Synchronous vs. asynchronou N




SYNCHRONOUS VS. ASYNCHRONOUS

operation(<params>)

write(file, data)

toOthers(msg)

Synchronous: Operation invoker waits until the operation “finishes”

Asynchronous: Operation invoker does not wait until completion

Some other operation (e.g. callback) needed to wait for result or
completion status




SYNCHRONOUS VS. ASYNCHRONOUS VS. BLOCKING
OPERATIONS

operation(<params>)

write(file, data)

toOthers(msg)

Blocking: Operation invoker waits, unblocking possibly before, until, or

after operation completion (e.g. when data given to local OS)

Synchronous is always blocking

Blocking is not always synchronous




OPERATION COMPLETION: CALLS VS. CALLBACKS

Generic

joined (s, u?, IM, ; Session
newSession?, newApp?) anage received (U2 msg)

mm
toOthers(msg)

Gj - IM)

join(h®M, st u2, IM, Relayed)

Callback finishes when it finish Call finishes when the call and
execution (at the other site) associated callbacks finish




CALLS AND CALLBACKS: SYNC VS ASYN(C?

Generic

joined ( s!, u?, IM,
newSession?, newApp?) anage received (u2, msg)

Session

mm

Comm. 4

toOthers(msg)

Gj N

|

Cw

msg

join(h®M, st u2, IM, Relayed)

[Synchronous call: Local response e- [

Synchronous call/callback: Local |‘
remote response affected

&




INTER-LAYER DEPENDENCIES

If lower-level layer, is asynchronc
higher-level layer synch

Yes, send explicit acks (TC

Group Communication
(Multicast)

Interprocess Communication

(Sockets, RMI, ..)

If lower-level layer, is synchron
higher-level layer async

“Yes”, with separate t

—~




MULTIPLE THREADS

Requesting | :
ms
Thread 1 L
msg?
msg3
Requesting msg* Sending
Thread 1 Thread
Producers Bounded Buffer Consumers
Requesting thread passes message to Communication between the two threads
sending thread and does not block example of some classical problem?

Sending thread invokes synchronous
operation How many consumers?

What if the two threads work at different
rates (expected) — what if more than one Consistency constraints? i
pending message?




Requesting
Thread 1

Requesting
Thread 1

MULTIPLE THREADS

msg!?

msg?

msg3
msg* A

Sending
Thread

Producers

msg?

msg?

Bounded Buffer Consumers

# producers is application specific and
cannot be controlled

> 1 consumers can result in message
reordering




WHY ORDERING IS IMPORTANT

Generic
Session

toAll(msg)

@ BRE

Only messages within an applica
session need to be order




How MANY CONSUMERS

Requesting 1
ms
Thread 1 :
msg?
msg3
msg*

Requesting
Thread 1

Bounded Buffer Per

A h
Sy Application Sub-session

Synchronous

One sending thread per application sub session at
both session server and its clients

Multicast layer hides this from client




FEEDBACK VS FEEDTHROUGH

Requesting msg
Thread 1
msg
msg3
. msg*
Requesting
Thread 1
Asynchronous BoundediEdiiE Synchronous
Y Application Sub-session Y

\
Requesting thread does not block, so feedback does

involve round trip delay

Messages to server and other clients separated by
round trip delays




SYNCHRONOUS IPC
[ - Generic
How bad is this in practi | Session

V

ack2 msg? ack?! msg? acka
ack? msg? | | ack? UT msg? ack?

Noticeable (tolerabl
latency: 30ms, 500

Time between telepo
movements: 10 m

Round trip time ~ 1
2000ms




MESSAGE RECEIPTS?

Generic
Session
anage

b

roup communicat

é




How MANY RECEIVING THREADS?

How many client and server threads? I

41 messages, which orders the messages and

Server can have one thread for all 1

then simply forwards them into the
appropriate sending threads, which does
real work

msg l msg

Messages received for an app subsession

should be handled by one thread
Client can have one thread per applicat!

1 95’
subsession




THREADS (CONCRETE EXAMPLE)

d SessionManagerServerStarter (1) [Java Application]

4 im.5essiocnManagerServerStarter at localhost:56088
p2 Daemon Thread [AWT-Windows] (Running) Received Message
p® Thread [Session Manager Message Receiver] (Running) Consumer in Server
p® Thread [DestroylavaVM] (Running)
p# Thread [Process Group:IM)] {Hunninijl

g D:\Program Filest\Java\jdkl.7.0_21'\bin'javaw.exe (Sep 9, 2014, sender
a4 AlicelM [Java Application]

4 im.AlicelM at localhost:56094

IM Application-session

p& Thread [main] (Running) S :
p® Daemon Thread [AWT-Windows] (Running) M Appllcat|on-sess|on
p2 Thread [Message Sender] (Running) sender

p® Thread [Message Receiver] (Running) IM Application-session
p@ Thread [Peer Message Delayer] (Running) Recene

. D:\Program Files\Java\jdkl.7.0_21'\bin\javaw.exe (Sep 9, 2'314}3:04:29 PR




SENDING THREADS: BOB CLIENT
(RELAYED)

Session

relay me
manager, w

based on ©




SENDING THREADS: BOB CLIENT (P2P)

Session

/@

AN

@\

Application-session sending
threads send join and leave
requests to session manager
and also serialize messages of
the session, forwarding them to
peer user threads

Alice {\Iﬂ Bob W Cathy
Alice ‘ ‘ Bob | Cathy Bob | Cathyv

Peer sending threads receive
messages from their
application-session threads and
send messages to peers,
delaying messages based on
delay parameters

Editoy
Caths Could share peer threads

among application-session
threads but more modular to
create new threads —\‘J

-»>

=~
N



SENDING THREADS: SESSION SERVER

Session

My implementation
does not have per user
thread at server

L
If feedthrough is an
issue, use direct
communication
7

A server may have
nuMerous sessions, so
per user thread maybe

too much overhead

7
Moral: in production

version do not use
blocking IPC such as
RMI




CONCRETE THREADS (NEW VERSION)

7] 5E55i|:|r1ManagerSewerStarter (2} [Java Application]
4 g% im.SessionManagerServerStarter at localhost: 49837
p# Daemon Thread [AWT-Windows] (Running)

¥ Thread [Session Manager hMessage Receiver] (Running)

p® Thread [DestroylavaVM] (Running)

p® Thread [Message Sender(FrostySession, IM]] (Running)

p& Thread [AWT-Shutdown] (Running)

| D:\Program Files\Java\jdk1.7.0_51\bin\javaw.exe (Sep 14, 2014, 1:10:24 PM)

3] AlicelM [Java Application]
4 im.AlicelM at localhost: 49842
p& Thread [main] (Running)
p# Daemon Thread [AWT-Windows] (Running)

p® Thread [Message Sender(ErostySescion IMI](Bunning)
p@ Thread [Meszage Beceiver] (Runningl

pﬁ' Thread [Message Sender(FrostySession, IM, Bobl] (Running]

p® Thread [Meszage SenderiFrostySession, M, Cathvl] (Running)

p& Thread [AWT-Shutdown] (Running)

| D:\Program Files\Java\jdk1.7.0_51\bin\javaw.exe (Sep 14, 2014, 1:1(:31 PM)

7] BoblM [Java Application]
4 im.BoblM at localhost: 49833
p& Thread [main] (Running)
p# Daemon Thread [AWT-Windows] (Running)
p® Thread [Message Sender{FrostySession,IM)] (Running)
p& Thread [Message Receiver] (Running)
p@ Thread [AWT-Shutdown] (Running)

g D\Program Files\Java\jdk1.7.0_51\bin\javaw.exe (Sep 14, 2014, 1:1(:46 PM)

|75 CathylM [Java Application] |

Received Message
Consumer in Server

IM Application-session
sender

IM Application-session
Receiver

IM Application-session
Sender

IM Application-session,
Peer Senders

No peer senders for Bob
as it is using relayed
communication

g <



TOALL (RELAYED)

Generic
Session
anage

é

o we need toA
re




TOALL(P2)

Generic

Session
anage

toAll(msg)

O 6 G

remote
call




THE CONCEPT OF GROUP COMMUNICATION

| Group Communication
(Multicast)
Interprocess Communication
(Sockets, RMI, ..)




GROUP MESSAGES DESIGN

GroupMessages
| Interprocess Communication
(Sockets, RMI, ..)

Dewan, P. (2014) Programmer-Controlled Application-Level Multicast. in IEEE CollaborateCom. IEEE.




GROUP MESSAGES IMPLEMENTATION

GroupMessages

Easier to code as it is




EXAMPLE (UI)

L Alaunche l-:- Ehw
E = R
Common AMainClassListLauncher
1: SessionManagersenverstarter
2. AlicelM
J: BoblM
4. CathylM
| |
|
K [ | b
| %




SESSION MANAGER STARTER

@Tags({DistributedTags.SERVER, DistributedTags.SESSION MANAGER,
ApplicationTags.IM})
public class SessionManagerServerStarter {

static ASessionManager server;

public static void main (String[] args) {

//do tracing

server = new ASessionManager();
server.register(),; //with RMI server

Generic

Session

Annotations provide typed comments
like traces but are passive




ALICE STARTER

@Tags({DistributedTags.CLIENT 1, ApplicationTags.IM})
public class AliceIM implements ExampleIMSession{

public static final String USER_NAME = DistributedTags.CLIENT 1;

public static void main (String[] args) {

String[] launcherArgs = {SESSION_SERVER_HOST, SESSION_NAME,
USER _NAME, APPLICATION NAME, Communicator.DIRECT};

//do tracing join(hM, s u? | Editor, Direct)

(new AnIMClientComposerAndLauncher()).

EEisaicimnoseAndLaunch(launcherArgs);
Session

Shared symmetric program

Host specification?




HOST NAME

Computer name, demain, and werkgroup settings

Computer name: dewantab $ hostname
Full computer name: dewantab.cs.unc.edu dewantab
Computer description: LV-C228X dewantab

Demain: cs.unc.edu

public
public
public
public

interface ExampleIMSession {
static final String SESSION_NAME = "FrostySession";
static final String APPLICATION_NAME = "IM";

static final String SESSION_SERVER_HOST = "localhost";

localHost allows you to test same program on different hosts




ERROR CAUSE?

= Connection—specific DNS Suffix
Ld | |ICE|M [Java AF IPvd4 fiddress. - . . - - - - =« 172 .17.1.182
Subnet Mask . . . . . . . . 2052551928

I***Tracer: O Tsl Default Gateway . . . . . .
SessionRegistry: S5TA
Registered Session M3

JE::IESE LAN adapter Wi-Fi:

Connection—specific DHS Suffix
IPv4 Address. . . . . . . . . 1?22_168.1.164
AlicelM [Java Application] D:\Program Fil %2?2ﬁ§tnﬁifegag ST Egg:fgg:f?g'ﬂ

Faua.’wi.Ccnnec:IDExcep:icn: Fxceptlion creating connectlion to: 1/72.17.1.182; nes
ted exception is:
java.net.SocketException: Permission denied: connect
at sun.rmi.transport.tcp.TCPEndpoint.newSocket(TCPEndpoint.java:631)
at sun.rmi.transport.tcp.TCPChannel.createConnection(TCPChannel. java:216)
at sun.rmi.transport.tcp.TCPChannel.newConnection(TCPChannel. java:282)
E sun.rmi.server.UnicastRef.invoke(UnicastRef.java:129)
t java.rmi.server.RemoteObjectInvocationHandler.invokeRemoteMethod(RemoteObjec
tInvocationHandler.java:194)
at java.rmi.server.RemoteObjectInvocationHandler.invoke (RemoteObjectInvecaticnH
andler.java:148)
at com.sun.proxy.%Proxy@.newMessage (Unknown Source)
util.session. EszagESEHde Runnable.run({AMessageSenderRunnable. java:71)

-4 Amirm T mmer Theamr=d mim S TheasAd = o TAAN
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ERROR CAUSE?

_ . Ethernet adanter Ethernet 2 :
- [0 SessionManag e gt Ierne

o

172.17.1.182
255.255.192.8

Sessianh
Connected to vpn.unc.edu.

Re 15 ter vpn.unc.edu Disconnect
192 .168_1_100
AlicelM [Java Ap 00:20:33 Egg ngg EEE Y

Faua.’wi.Ccn
ted exceptio
jgva,Net, SOCKeTEXCeDTIon: Fermlsslon denled: connect

The local host has a different meaning when you are using Cisco VPN!

L= S = AT T L e ST T T L S TR LT T T R o o i T ool e

= Will get “access error” if Cisco VPN 1is connected

Giving host name directly does not help

Do not use Cisco VPM if using Cisco VPN!




ALICE STARTER

@Tags({DistributedTags.CLIENT 1, ApplicationTags.IM})
public class AliceIM implements ExampleIMSession{
public static final String USER_NAME = DistributedTags.CLIENT 1;
public static void main (String[] args) {
String[] launcherArgs = {SESSION=SERVER=HOST, SESSION_NAME,

USER_NAME, APPLICATION NAME, Communicator.DIRECT};
//do tracing

(new AnIMClientComposerAndLauncher()).

EEisaicimnoseAndLaunch(launcherArgs);
Session

Shared symmetric program

0%.



JOIN CALL IN SHARED PROGRAM

public void compose(String[] args) { Instantiate local
communicator = createCommunicator(args); group communication
super.compose(args); library
addCollaborationFunctions(); |
doJoin(); Add callbacks, before

} connecting to server

protected void doJoin() {

communicator.join(); Invoke call on server

Generic
Session

Should make createCommunicator as

part of library




MULTICAST ARBITRARY SERIALIZABLE OBJECTS

public synchronized void replicatedAdd(ElementType

anElement) {

int anIndex = size();

super.observableAdd(anIndex, anElement);

if (communicator == null) return;

ListEdit listEdit = new
AListEdit<ElementType>(OperationName.ADD,
anIndex, anElement, ApplicationTags.IM);

communicator.toOthers(listEdit); toOthers(msg) |

public interface ListEdit<ElementType> extends Serializable {

int getIndex();
void setIndex(int anIndex);| RMI uses Add locking to projectlayer

ElementType getElement(); which requires the communicated objects

void setElement(ElementType| to be labelled as Serializable, variables

only serializable superclasses can be
} communicated remotely —~

of
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EXAMPLE (UI) (REVIEW)

L Alaunche l-:' Ehw
A
Common AMainClassListLauncher
1: SessionManagersenverstarter
2. AlicelM
J: BoblM
4. CathylM
| |
|
K [ | b
| %




SESSION MANAGER STARTER (REVIEW)

@Tags({DistributedTags.SERVER, DistributedTags.SESSION MANAGER,
ApplicationTags.IM})
public class SessionManagerServerStarter {

static ASessionManager server;

public static void main (String[] args) {

//do tracing

server = new ASessionManager();
server.register(),; //with RMI server

Generic

Session




ALICE STARTER (REVIEW)

@Tags({DistributedTags.CLIENT 1, ApplicationTags.IM})
public class AliceIM implements ExampleIMSession{
public static final String USER_NAME = DistributedTags.CLIENT 1;
public static void main (String[] args) {
String[] launcherArgs = {SESSION SERVER HOST, SESSION_NAME,

USER_NAME, APPLICATION NAME, Communicator.DIRECT};
//do tracing

(new AnIMClientComposerAndLauncher()).

EEisaicimnoseAndLaunch(launcherArgs);
Session




JOIN CALL IN SHARED PROGRAM

public void compose(String[] args) { Instantiate local
communicator = createCommunicator(args); group communication
super.compose(args); library
addCollaborationFunctions(); |
doJoin(); Add callbacks, before

} connecting to server

protected void doJoin() {

communicator.join(); Invoke call on server

Generic
Session

Should make createCommunicator as
part of library

&




MULTICAST ARBITRARY SERIALIZABLE OBJECTS

public synchronized void replicatedAdd(ElementType

anElement) {

int anIndex = size();

super.observableAdd(anIndex, anElement);

if (communicator == null) return;

ListEdit listEdit = new
AListEdit<ElementType>(OperationName.ADD,
anIndex, anElement, ApplicationTags.IM);

communicator.toOthers(listEdit); toOthers(msg) |

}

Add operation marshalled into
serializable object, reverse process at /mentType> extends Serializable {

receliver

RMI uses Add locking to projectlayer
which requires the communicated objects
: : to be labelled as Serializable, variables of
does not exist and is hard to .
) only serializable superclasses can be -
1mplement ..

Programmer does marshalling and
unmarshalling as multicast RPC

) communicated remotely —

N =
SN

TH




RECEIVE CALLBACK

protected void addHistoryInCoupler() {
historyInCoupler = new AHistoryInCoupler(history);
communicator.addPeerMessagelListener(historyInCoupler);

}

public class AHistorvInCoupler implements PeerMessagelistener {
protected|Can have multiple receive listeners |;

public AH processing different kinds of (St Unmarshalling
history messages
}

public void objectReceived(Object message, String userName) {
if (message instanceof ListEdit)
processReceivedListEdit(

(ListEdit<String>) message, userName);




CALLS VS CALLBACKS

Generic
joined ( s!, u2, IM, Session
newSession?, newApp?)

received (u?, msg)

| toOthers(msg)

" nolie -

Please enter an input line or quit or history
The woods are lowvely dark and deep

[Alice]The woods are lovely dark and deep
Please enter an input line or quit or history
[Bob]But I have promises to keep

[Cathy]And miles to go before I sleep
history

[Alice]The woods are lovely dark and deep, [Bob]But I have promises to keep, [Cathy]And miles to go before I sleep

Please enter an input line or quit or history
—— —

join(h®M, st u2, IM, Relayed)

l Join callback not needed in this applicati-




UNAWARE SYMMETRIC JOIN

E AlauncherOfiM [ o e e |

Common AMainClassListLauncher

Somehow all users know when to

join
1: SessionManagerServerStarter
2: Alicel Could join when we know
3: BobIM someone else has created and
4. Cathylh

joined session

Flease enter an input line or quit or history

The woods are lovely dark and deep

[Alice]The woods are lowvely dark and deep

Please enter an input line or quit or history

[Bob]But I have promises to keep

[Cathy]And miles to go before I sleep

history

[Alice]The woods are lovely dark and deep, [Bob]But I hawve promises to keep, [Cathy]énd miles to go before I sleep

Please enter an input line or quit or history

No awareness of out of band activities




SESSION WITH APPLICATION SUB-SESSIONS

join(hSM, st Cathy, IM, Relayed)

join(hSM sl Cathy, Editor, Relayed)
Session — :
join(hSM s! David, null, Relayed)
Alice IM Bob Editor || Cathy David
Join session without joining
any subsession?
Alice Bob Cathy Bob Cathy

- session callbacks, which can inform its user of session activity and join

David’s process cannot send or receive messages and simply listens to

application sub-sessions QL




USER AWARENESS

=

Common AMainClassListLauncher

» 3essionManagerserverstarter
AlicelMJoiner




SERVER AND ALICEIMJOINER

Common AConsoleModel

I***Tracer. showlnfo = frue

SessionRegistry: STARTIMNG ...

Registered Session Manager with RMI Server (DEVWAM,
1089)

I*BEvType(utiltrace.session.ServerClientloined)
EwvtSroiutil. session.ASession) Thread(Session Manager
Message Receiver) Process(Session Manager)
User{Alice), Appinull), Session(FrostySession)

Common AConsoleModel

[***Tracer: showlnfo = true ' .
[***Tracer: showlnfo = false Session aware
Joiner Ul

No prompt, this is not th
user interface




SESSION WITH APPLICATION SUB-SESSIONS

Session




SESSION WITH APPLICATION SUB-SESSIONS

Session




SERVER AND ALICEIMJOINER

Common AConsoleModel

[***Tracer: showlnfo = true
[***Tracer: showlnfo = false

Session aware
Joiner Ul

14 li b
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BOB JOINS

= ™
| Bob Instant Messaging (=] © |

Common AConsoleModel

Common AConsoleModel

Flease enter an input line or quit or history [***Tracer: showlnfo = true ' .
[***Tracer: showlnfo = false SeSSIOn aware

Iser: Bob joined new application: IM in session: JOiner Ul
I|FrostySession

ObjectEditor(Version 22, built on null). Copyright Prasun

Dewan, 2012, All rights reserved. US Patent Appl. Mo.:

12/632 327

Common AConsoleModel

Flease enter an input line or quit or history

IM Ul

‘ Il IC




SESSION MANAGER TRACE

Session

Alice

Bob

Common AConsoleModel

[***Tracer. showlnfo =true
SessionReagistry: STARTIMNG ..
Fegistered Session Manager with RMI Server (DEWAR,
1099)
[***EvtTypelutil.trace.session.ServerClientloined)
EwtSrciutil session ASession) Thread{Session Manager
Message Receiver) Process(Session Manager)
Lzerfalice), Applnull), Session(FrostySession)
[***EvtTypelutil.trace.session.SernverClientloined)
EuvtSro(util.session.ASession) Thread(3ession Manager
Message Receiver) Process(Session Manager) User(Baob),
ppdM), Session(FrostySession)
[***EvtTypelutil.trace.session.S3erverClientloined)
" EwtSrciutil session ASession) Thread{Session Manager
Message Receiver) Process(Session Manager)
Lser(Alice), App(IM), Session{FrostySession)




ALICEIMJOINER

public class AliceIMJoiner extends AliceIM{
public static void main (String[] args) {
String[] launcherArgs = {SESSION SERVER_HOST,
SESSION_NAME, USER NAME, null, Communicator.DIRECT};
(new AJoiningIMComposerAndLauncher()).compose(launcherArgs);

}
}

public void addAwareness() {
sessionJoiner = new ADynamicSessionJoiner
(sessionServerHost, userName);
communicator.addSessionMessagelListener(sessionJoiner);

}

A different program is run by Alice’s session aware joiner




RECEIVE CALLBACK AND FORKING JVM

public class ADynamicSessionJoiner implements
SessionMessagelListener {

public void clientJoined(

String aUserName, String anApplicationName, String aSessionName,
boolean aNewSession, boolean aNewApplication, Collection<String>

anAllUsers) {

printAwarenessMessage(aUserName, anApplicationName,
aSessionName, aNewSession, aNewApplication, anAllUsers);

if (aNewApplication && anApplicationName != null &&
DEFAULT _APPLICATION_NAME.equals(anApplicationName))
joinSession(anApplicationName, aSessionName);

¥
}
public void joinSession(String The original program in previous version
aSessionName) {
String[] launcherArgs = {sessionManagerHost, aSessionName,
userName, anApplicationName, Communicator.DIRECT};
OEMisc.runWithObjectEditorConsole
(AnIMClientComposerAndLauncher.class, LlauncherArgs);




SESSION MANAGER/COMMUNICATOR STEPS

[} ClientloinFinished. java DEI MessageBuffered.java

11} ClientloininformationUpdated java DEI MessageBufferlnfo.java
[} Clientloinlnitiated.java

11} ClientloinMotificationDistributedToListeners.jav
[} ClientloinMNotificationMarshalled.java
11} ClientloinMotificationReceived.java

1]} MessageBufferReferenceCountDecremented.java
1]} MessageCopied.java
1]} MessageForwarded.java

11} ClientloinMetificationUnmarshalled.java DEI MessageGivenToFilterjava

[} ClientLeavelnformationUpdated java Da Messagelnfo.java

[J} ClientLeaveMotificationDistributedToListeners.j: DE, MessagePutinCueue. java

DE, ClientLeaveMotificationMarshalled.java DEI MEEEEQEHECEiVEd.jEVEl

[J} ClientLeaveMotificationReceived. java DEI MessageRetrievedFromQueue.java
11} ClientLeaveNotificationUnmarshalled java Ljel MessageSent.java

[} ClientReceivedObjectUnmarshalled.java
|1} DataReceiveMarshalled.java

1]} DelayedMessagelnfo.java

EE, DelayVarniationSet,java

11} JoinRequest.java
(1) JoinRequestMarshalled.java DE, MulticastGroupleavelnformationUpdated.java

DE, MessagelnBuffered.java

DE, MinimumDelay5et.java

DE, MulticastGroupCreated.java

11} MulticastGrouploininformationUpdated.java

[J} LeaveRequest.java .
7} LeaveRequestMarshalled java Not all important steps traced and at

least one step deprecated ‘é




Lo

SESSION MANAGER/COMMUNICATOR STEPS
(CONTD)

DE, RecervedMessageDelayed.java

[J} ReceivedMessageDistributedToListeners,java } Ee' ThreadCreated java

1} SendDataRequest.java . [J} ToAllDateSendMarshalled.java
11} SentMessageDelayed java . [} ToOthersDataSendMarshalled.java
11} ServerClientloined java . [J} ToUserDataSendMarshalled.java

DE, ServerClientLeft,java o
1} ServerJoinMotificationDeliveredToListeners.java
11} ServerloinRequestMarshalled.java

11} ServerloinRequestUnmarshalled.java

DE, ServerLeaveMotificationDeliveredTolocalObserver
EE, ServerLeaveRequestMarshalled.java

11} ServerLeaveRequestUnmarshalled java

DE, ServerRemotelcinMotificationMarshalled.java

1} ServerRemoteloinMotificationSent.java

11} ServerRemoteleaveNotificationMarshalled.java
EE, ServerRemoteleaveMotificationSent.java

DE, SessionCreated.java

DE, Sessionlnfo.java

11} SessionJoininformationUpdated.java

[J} SessionLeavelnformationUpdated java

[J} SessionMessageReceived java
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SUMMARY

Distributed architecture = process + object architecture

General and special distributed architectures exists, which depend on
distributed communication layer

At this point, looking at general architecture

IPC provides the most general architecture but maybe too general, not
providing support for

With IPC need to build

e own session manager for dynamic sessions, group multicast, choice between
relayed and direct communication, threading

Can build group communication automating this
Session vs. application-session

Relayed vs direct communication

All, specific user, all multicast groups
Synchronous vs. asynchronous

Threads to balance latency vs. consistency
Symmetric vs asymmetric join

Serialization and marshalling

Session awareness




NEXT

o How to use group communication for different
classes of applications

 Model-based sharing
 Window-based sharing

o How do build higher level abstractions for these
classes?




